WORLD INTELLECTUAL PROPERTV ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PtJBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) InternaUonal Patent Classification ^ : 

B32B 3/26, BOID 21/28, 24/00, B05D 

5/00, HoiM mo 



Al 



(11) International PubUcation Number: WO 99/10165 

(43) International PubUcation Date: 4 March 1999 (04.03.99) 



(21) International Application Number: PCTAJS98/ 17898 

(22) International Filing Date: 28 August 1998 (28.08.98) 



(30) Priority Data: 
60/057.233 



29 August 1997 (29.08.97) 



US 



(71) Applicant (for all designated Stcues except US); FOS- 
TER-MILLER, INC. [US/US]; 350 Second Avenue, 
Waltham, MA 02154 (US). 

(71)(72) Applicants and Inventors: FORMATO, Richard, M. 
[US/US]; 28B Svenson Road, Shresbury, MA 01545 (US). 
KOVAR, Robert. F. [US/US]; 203 Beach Street, Wrcntham. 
MA 02093 (US). OSENAR, Paul [US/US]; 100 Waltham 
Street #9, Watertown. MA 02472 (US). LANDRAU. 
Nelson [US/US]; P.O. Box 625. Maiiborough. MA 01752 
(US). 

(74) Agents: BRONSTEIN, Sewall, P. et al.; Dike, BronsCein, 
Roberts & Cushman. LLP, 130 Water Street. Boston, MA 
02J09 (US). 



(81) Designated States: AL. AM. AT, AU. AZ. BA. BB, BG, BR. 
BY, CA, CH. CN, CU. CZ, DE. DK. EE. ES, FI, GB. GE, 
OH. CM, HU. ID, IL. IS. JP. KE, KG. KP. KR, ICZ, LC, 
LK. LR. LS. LT, LU. LV, MD, MG. MK, MN. MW. MX, 
NO. N2, PL. PT. RO. RU, SD, SE. SG, SI, SK, SL. TJ. TM. 
TR, TT, UA, UG. US. UZ. VN. YU. ZW. ARIPO patent 
(GH. GM. KE. LS. MW. SD, SZ. UG, ZW), Eurasian patent 
(AM. AZ. BY. KG. KZ. MD. RU, TJ, TM). European patent 
(AT. BE, CH, CY, DE. DK, ES, FI, FR. GB, GR, IE. IT. 
LU, MC. NL. PT. SE), OAPI patent (BF, BJ, CP. CG, CI, 
CM. GA. GN, GW. ML. MR. NE, SN. TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: COMPOSITE SOLID POLYMER ELECTROLYTE MEMBRANES 



(57) Abstract 



The present invention relates to composite solid polymer electrolyte membranes (SPEMs) whidi include a porous polymer substrate 
interpenetrated with an ion-conducting material. The SPEMs are useftil in electrodiemical implications, including fuel cells and 
electrodialysis. 
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What is cla iTned is: 

1. A composite solid pol3TOer electrolyte membrane (SPEM) 
comprising a porous polymer substrate interpenetrated with an ion- 

5 conducting material, wherein the SPEM is substantially thermally stable to 
temperatures of at least about 100**C. 

2. The SPEM of claim 1, wherein the SPEM is stable from at least 
about lOO^C to at least about 175°C. 

10 

3. The SPEM of claim 1, wherein the SPEM is stable from at least 
about lOO'C to at least about ISO^C. 

4. The SPEM of claim i, wherein the SPEM is stable from at least 
15 about 120°C to at least about 175*C. 

5. The SPEM of claim 1 wherein 

(i) the porous polymer substrate comprises a homopolymer 
or copolymer of a liquid crystalline polymer or a solvent soluble thermoset or 

20 thermoplastic aromatic polymer, and 

(ii) the ion -conducting material comprises a homopolymer 
or copolymer of at least one of a sulfonated, phosphonated or carboxylated 
ion-conducting aromatic polymer or a perfluorinated ionomer. 

25 6- A composite solid polymer electrolyte membrane (SPEM) 

comprising a porous polymer substrate interpenetrated with an ion- 
conducting material, wherein 

(i) the porous polymer substrate comprises a homopolymer 
or copolymer of a Kquid crystalline polymer or a solvent soluble thermoset or 

30 thermoplastic aromatic polymer, and 

(ii) the ion-conducting material comprises a homopoljrmer 
or copolymer of at least one of a sulfonated, phosphonated or carboxylated 
ion-conducting aromatic polymer or a perfluorinated ionomer. 
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7. The SPEM of claims 1 or 6, wherein the porous substrate 
polymer comprises a microinfrastructure substantially interpenetrated with 
the ion-conducting material. 

5 8. The SPEM of claims 1 or 6, wherein the porous polymer 

substrate comprises an extruded or cast film. 

9. The SPEM of claim 5, wherein the SPEM substantially stable to 
temperatures of at least about 100*'C. 

10 

10. The SPEM of claims 5 or 6» wherein the liquid crystalline 
substrate polymer comprises a lyotropic liquid crystalline polymer. 

11. The SPEM of claim 10, wherein the lyotropic liquid crystalline 
15 substrate pol5aner comprises at least one of a polybenzazole (PB2) and 

polyaramid (PAR) polymer. 

12. The SPEM of claim 11, wherein the poiybenzazole substrate 
polymer comprises a homopoiymer or copolymer of at least one of a 

20 polybenzoxazole (PBO), polybenzothiazole (PBT) and polybenzimidazole (PBI) 
polymer and the polyaramid polymer comprises a homopoiymer or 
copolymer of a polypara-phenylene terephthalamide (PPTA) polymer. 

13. The SPEM of claims 5 or 6, wherein the thermoset or 

25 thermoplastic aromatic substrate polymer comprises at least one of a 

polysulfone (PSU), polyimide (PI), polyphenylene oxide (PPO), polyphenylene 
sulfoxide (PPSO), polyphenylene sulfide (PPS). polyphenylene sulfide sulfone 
(PPS/SO2). polyparaphenylene (PPP), polyphenylquinoxaline (PPQ). 
polyaiylketone (PK) and polyetherketone (PEK) polymer. 

30 

14. The SPEM of claim 13, wherein the polysulfone substrate 
polymer comprises at least one of a polyethersulfone (PES), 
polyetherethersulfone (PEES), polyarylethersulfone (PAS), polyphenylsufone 
(PPSU) and polyphenylenesulfone (PPSO2) polymer; the polyimide (PI) 

35 polymer comprises a polyetherimide (PEI) polymer; the polyetherketone 
(PEK) polymer comprises at least one of a polyetheretherketone (PEEK), 
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polyetherketone-ketone (PEKK), polyetheretherketone-ketone (PEEKK) and 
polyetherketoneetherketone-ketone (PEKEKK) polymer; and the 
polyphenylene oxide (PPO) polymer comprises a 2.6-diphenyl PPO polymer. 

15. The SPEM of claims 1 or 6, wherein the pore size of the porous 
substrate polymer is from about 10 A to about 2000 A. 

16. The SPEM of claim 15, wherein the pore size is from about 500 
A to about 1500 A. 

17. The SPEM of claim 15, wherein the pore size is from about 500 
A to about 1000 A. 

18. The SPEM of claims 1 or 6, wherein the ion- conducting 
material has an ion-conductivity from about 0.01 S/cm to about 0.50 S/cm. 

19. The SPEM of claim 18, wherein the ion- conducting material 
has an ion-conductivity greater than about 0.1 S/cm. 

20. The SPEM of claims 5 or 6, wherein the ion-conducting 
aromatic polymer comprises whoUy aromatic ion-conducting polymer. 

21- The SPEM of claims 5 or 6, wherein the ion -conducting 
aromatic polymer comprises a sulfonated, phosphonated or carboxylated 
poljomide polymer. 

22. The SPEM of claim 2 1 , wherein the polyimide polymer is 
fluorinated, 

23. The SPEM of claim 20, wherein the sulfonated wholly-aromatic 
ion-conducting polymer comprises a sulfonated derivative of at least one of a 
polysulfone (PSU). polyphenylene oxide (PPO), polyphenylene sulfoxide 
(PPSO). polyphenylene sulfide (PPS). polyphenylene sulfide sulfone 
(PPS/SO2), polyparaphenylene (PPP), polyphenylquinoxaline (PPQ), 
polyaiylketone (PK), polyetherketone (PEK), polybenzazole (PBZ) and 
polyaramid (PAR) polymer. 
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24. The SPEM of claim 23, wherein 

(i) the polysulfone polymer comprises at least one of a 
polyethersulfone (PES), poly etherethersulf one (PEES), polyarylsulfone, 
polyarylethersulfone (PAS), polyphenylsulfone (PPSU) and 
pol3^henylenesulfone (PPSOa) polymer, 

(ii) the polybenzazole (PBZ) polymer comprises a 
polybenzoxaxole (PBO) polymer; 

(iii) the polyetherketone (PEK) polymer comprises at least 
one of a polyetheretherketone (PEEK), polyetherketone-ketone (PEKK), 
polyetheretherketone-ketone (PEEKK) and polyetherketoneetherketone- 
ketone (PEKEKK) polymer; and 

(iv) the polyphenylene oxide (PPO) polymer comprises a 2,6- 
di phenyl PPO polymer. 

25. The SPEM of claims 5 or 6, wherein the perfluorinated ionomer 
comprises a homopolymer or copolymer of a perfluorinated vinyl ether. 

26. The SPEM of claim 25, wherein the perfluorinated vinyl ether 
is carboxyl- (COOH), phosphonyi- (PO(OH)2) or sulfonyl- (SO3H) substituted. 

27. The SPEM of claim 1. wherein the ion- conducting material 
comprises at least one of a polystyrene sulfonic acid (PSSA), 
poly(trifluorost37rene) sulfonic acid, trifluorostyrene, polyvinyl phosphonic 
acid (PVPA), polyvinyl carbo3cyhc acid (PVCA) and polyvinyl sulfonic acid 
(PVSA) pol3mier. 

28. The SPEM of claims 1 or 6, wherein the porous polymer 
substrate comprises a homopolymer or copolymer of at least one of a 
substituted or unsubstituted polybenzazole polymer, and wherein the ion- 
conducting material comprises a sulfonated derivative of a homopolymer or 
copolymer of at least one of a polysulfone (PSU), polyphenylene sulfoxide 
(PPSO) and polyphenylene sulfide sulfone (PPS/SOa) polymer. 



£1 
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29. The SPEM of claim 28. wherein the polysulfone polymer 
comprises at least one of a polyethersulfone (PES) and polyphenylsulfone 
(PPSU) polymer. 

30. The SPEM of claims 1 or 6, wherein the SPEM has a specific 
resistance from about 0.2 to about 20 Q*cm^. 

3 1 . The SPEM of claims 1 or 6. wherein the SPEM has a specific 
resistance of less than about 0.2 Q*cm2. 

32. The SPEM of claims 1 or 6, wherein the SPEM has a thickness 
from about 0. 1 mil. to about 2.0 mil. 

33. The SPEM of claim 32, wherein the thickness is less than 
about 0.5 mil. 

34. A method of producing a composite solid polymer electrolyte 
membrane (SPEM) in accordance with claims 1 or 6, comprising the steps of 
preparing a mixture of a substrate polymer and an ion- conducting material 
in a common solvent and casting or extruding a composite membrane firom 
the mixture. 

35. A method of producing a composite solid polymer electrolyte 
membrane (SPEM) in accordance with claims 1 or 6, comprising the steps of 
preparing a mixture of the substrate polymer and the ion-conducting 
material and extruding or casting a composite film directly from the mixture. 

36. A method of producing a composite solid polymer electrolyte 
membrane (SPEM) comprising the steps of performing a sulfonation reaction 
within the pores of a polymer substrate, wherein the SPEM is substantially 
thermally stable to temperatures of at least about 100*C. 

37. A method of producing a composite solid polymer electroljrte 
membrane (SPEM) in accordance with claims 1 or 6, comprising the steps of 
solubilizing the ion-conducting polymer and imbibing the porous polymer 
substrate with the ion-conducting polymer. 
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38. A method of producing a composite solid polymer electrolyte 
membrane (SPEM) in accordance with claims 1 or 6, comprising the steps of 
preparing the polymer substrate and subsequently impregnating the 
substrate with appropriate monomers which are then polymerized in-situ to 
form the SPEM. 

39. A device comprising a composite solid polymer electrolyte 
membrane in accordance with claims 1 or 6. 

40. The device of claim 39, wherein the device is; a fuel cell. 

41. The device of claim 40, wherein the fuel cell is a direct 
methanol fuel cell or a hydrogen/ air fuel cell. 

42. A method of decreasing methanol crossover rate in the fuel cell 
of claim 44 by using the SPEM of claim 1 in an electrochemical reaction in 
the fuel cell. 

43. The device of claim 40. wherein the fuel cell is used to supply 
power to an electronic device. 

44. The device of claim 39, wherein the device is a system for 
membrane-based water electrolysis or chloralkali electrolysis. 

45. The device of claim 39, wherein the device is a dialysis, 
electrodialysis or electrolysis system. 

46. The device of claim 39, wherein the device is a pervaporation or 
gas separation, system. 

47. The device of claim 39, wherein the device is a water splitting 
system for recovering acids and bases from waste water solutions. 



48. The device of claim 39, wherein the device is an electrode 
separator in a battery. 
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49. The device of claim 41, wherein the methanol permeation rate 
in the direct methanol fuel cell is less than about 0.0 1 cm^/ sec. 
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